Introduction
The evolution of HIV-1 has been intensively studied ever since this virus was identified as one of the main causative agents of AIDS. The phylogeny of HIV-1, its relationships with other lentiviruses and the waves of the AIDS pandemic have been reconstructed. 1−4 The most likely ancestor of HIV-1 is simian immunodeficiency virus of chimpanzee (SIVcpz), from which independently came dominant group M and minor group N. The involvement of simian immunodeficiency virus of gorilla (SIVgor, minor group ) is possible too. 5 A retrospective study of the AIDS history and molecular phylogeny reconstruction 1 demonstrated that the virus (HIV-1 group M) was first transmitted to man in the first decade of the 20th century in Congo and/or Cameroon. 6, 7 The initial pesthole of the AIDS epidemic appeared in part due to enhanced migration which followed the division of the German colonies and later the break-up of the colonial system. This break-up was followed by reemigration of the Haitians from Congo 3 and the emergence of a persistent pesthole in Haiti in the 1960s, whence the pandemic reached the USA and Western European countries. 8 Later, HIV-1 was disseminated both from persistent pestholes and directly from Africa. Repeated import of HIV-1 gave rise to a lot of recombinant forms.
9−11
HIV-1 is one of the most variable viruses. This is because revertase has a high error rate (∼1 substitution per genome replication), the virus has high reproductive rates (∼10 10 virions a day per patient), a complex life cycle including a DNA and an RNA stage, and AIDS has a prolonged symptom-free period, which all together promote co-infection and recombination. Group M, which is dominant in the pandemic, includes nine subtypes (subtypes A and F have subsubtypes), dozens of recombinant forms, both circulating (CRFs are the forms isolated from two or more patients) and unique (URF). This phylogeny was inferred from an analysis of protein-coding RNA (first of all, the env gene, which encodes the protein gp120; later this phylogeny was improved using the pol, gag, vif genes and others).
5,12,13
The diversity of non-coding regulatory RNA is given much less consideration. At the DNA stage, HIV-1 transcription is initiated by the only TATA box, which has an imperfect copy in the central part of each 5 -and 4 -half of the long terminal repeats (LTRs). 14, 15 Upstream of the TATA box are NF-κB 16 and Sp1 17 binding sites, which modulate transcription; the TATA box is immediately flanked by E boxes, 15 which bind the transcription factor AP-4.
18 Downstream of the transcription start site is the RNA-enhancer TAR (transactivation response RNA). To enable HIV-1 expression, it is required that the TATA-binding protein (TBP) be bound to the TATA box, and this binding initiates the assembly of the preinitiation complex (PIC). 17, 19 The viral protein Tat activates this process in at least three ways. First, by binding to the protein complex P-TEFb, which forms part of the PIC and eventually 20, 21 allows TBP to carry on without TAFs (TBP-associated factors, which mediate the activation of expression by Sp1. 22, 23 Secondly, by enhancing PIC elongation, which it does by binding to the viral RNA of the TAR. 19 Finally, by changing the density of DNA packaging into nucleosomes. 24, 25 In this paper, we used the TATA box as a marker of global evolutionary trends. Not associated with any particular function of HIV-1, but affecting any and all of them through transcription, with a readily recognizable sequence, the TATA box SNPs in the HIV-1 TATA Box and the AIDS Pandemic 609 fits in well with the criterion of being a diagnostic character a ; however, because their small sizes increase the risk of sequence convergence, molecular phylogeny methods are of little help. We examined 146 HIV-1 forms (2662 copies, 2311 isolates) polymorphic for the TATA box using the "DNA sequence→affinity for TBP" regression 27 and found a statistically significant excess of variants with low affinity for human TBP.
Materials and Methods

Sampling HIV-1
HIV-1 sequences were retrieved from Genbank and aligned using Mauve 2.0, a free multiple genome alignment system. 28 2662 sequence of 2311 HIV-1 isolates aligned with respect to the promoter region gave 146 forms polymorphic for the TATA box ( Table 1) . The "agatgctgCATATAAgcagctgcttt" variant found in 1567 of 2662 copies (59%), which is five times as frequent as the second-most frequently occurring variant b , was taken as a normal HIV-1 TATA box sequence, S 0 .
In silico analysis of TBP/TATA affinity
The TATA box and their flanking sequences were examined. The total length of the sequences was set at 26 base pairs (bp) based on our previous works demonstrating a good agreement between the in silico predicted and experimentally measured affinity of TBP for the TATA box. ).
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in length for all positions of the sequence S and the complementary strand S $ : , which is that these changes are too small for Formula (1) to help tell the affinity of the mutant sequences from the affinity of the normal sequence; here 1≤k≤3. Given these assumptions, we heuristically 41 estimated the confidence boundaries ±δ 95% by using Student's t-criterion with ν degrees of freedom:
.
The frequency of 146 HIV-1 TATA box variants in each particular country was calculated using the standard software program package STATISTICA.
Results
TATA box and 3 -flanking E-box form a composite element
A composite element is a regulatory unit composed of two overlapping or closely spaced binding sites, which function as a whole. 42 The 26-bp TATA-containing sequences with flanking E-boxes were taken in analysis; the binding of the transcription factor AP-4 to the 3 E-box inhibits basal expression. 18 Measuring the basal expression, 18 we came to the conclusion that TBP affinity is affected by mutations in the TATA box rather than in E-boxes. Upon analyzing the same sequences (Eq. 1), we demonstrated that the decrease in −ln[K D,TATA (S)] for E-box mutants correlates well with (r = 0.884 at α < 0.005) with the decrease in the level of expression observed 18 (Table 2 ). Therefore, the 3 Ebox and TATA box form a composite element, function cooperatively and must coevolve. This is consistent with the Imai-Okamoto's model, 43 which assumes that the proteins AP-4 and TBP interact both directly and involving chromatin proteins. (Table 1 , asterisked). TBP/TATA affinity estimates were above normal (∆ > +δ 95% ) for nine out of 145 TATA box variants and below normal (∆ < −δ 95% ) for 54 out of 145 variants. This directly implies that the low-affinity TATA boxes outnumber the high-affinity TATA boxes by six to one (54/9=6). According to Struhl, 44 a mutational decrease in TBP affinity for the TATA box in a gene corresponds to a decrease in the level of expression of this gene, which allows us to interpret this obvious excess of lowaffinity TATA boxes as a case of the slowly replicating HIV-1 forms.
For a detailed analysis of this excess, we built the histogram ∆ ( Fig. 1 ) of commonly accepted 12 equal-sized classes (12 2 <145<13 2 ). In Fig. 1 , there are two peaks above the 1/12×100% level of equiprobable deviations. The major peak, ∆ = 0, corresponds to the normal sequence S 0 with the core sequence "CATATAA". The minor peak, ∆ = −0.5, corresponds to the second-most frequent TATA box variant "agatgctgCATAAAAgcagccgcttt" (Table 1 , 294 isolates). The minor peak TATA box core sequence "CATAAAA" is associated (Table 1 , 294 isolates). The minor peak TATA box core sequence "CATAAAA" is asscoiated 5, 11, 29 with HIV-1 subtype E.
with the HIV-1 subtype that is the marker for HIV-1 migration, we wanted to look at the geographic distribution of 2662 HIV-1 TATA box variants: the frequency of occurrence, P 0 , of the normal variant, S 0 ; the frequency of occurrence, P 1 , of non-S 0 variants with the affinity as S 0 has; the frequency of occurrence, P 2 , of high-affinity sequences at α <0.05; the frequency of occurrence, P 3 , of low-affinity sequences at α <0.05 and the subtype E-associated HIV-1 TATA box core sequence "CATAAAA"; and the frequency of occurrence, P 4 , of the other 146 TATA box variants (Table 3) .
Analysis of the frequencies of occurrence of HIV-1 TATA box variants in 70 countries
The set of frequencies, {P 0 , P 1 , P 2 , P 3 , P 4 }, for each of the 70 countries (Table 3) was weighted by the number, n, of the associated sequences (Table 3 ) and subjected to Principal Component Analysis (PCA) without normalization of the covariance matrix using the standard software program package STATISTICA. This procedure resulted in the observation of two principal components, PC1 (75.7% of the variance) and PC2 (23.3% of the variance). They significantly account for 75.7%+23.3% = 99% of the variance. In Fig. 2 , the names of the countries with n<10 are typed in plain; those with 10≤n<99, in italics; those with n≥100, in bold.
In the diagram presented in Fig. 2 , all the countries fall within a triangle with the vertices P 0 = 1 (to the right below), P 1 = 1 (above) and P 3 =1 (to the left below) and the sides P 0 =0 (to the right above), P 1 =0 (below) and P 3 =0 (to the right above). Europe (excluding France), North America and South America (excluding Cuba), Sub-Saharan West Africa and the former British African colonies lie close to the side P 3 = 0 (any TATA box with normal affinity). This placement corresponds to the major peak (∆=0) in the histogram (Fig. 1) , which suggests that neutral drift around the normal HIV-1 TATA box prevails here.
Caribbean countries (excluding Antilles), France and its former colonies in West, Central and Equatorial Africa (the place of HIV-1 origin) lie close to the sides P 0 = 0 and P 1 = 0. This placement corresponds to the minor peak (∆=−0.5) (Fig. 1) . Consequently, advantage is being gained by the viruses with slowly replicating TATA box variants. A lot of such variants (see Table 1 ) may have emerged due to neutral drift around the core sequence "CATAAAA" (phylogenetic inertia) in the place of HIV-1 origin and repeated export to France 45 and Caribbean countries. Finally, South-East Asian countries distribute quite evenly within the triangle along the line from the vertex P 3 = 1 to the side P 3 = 0 (Fig. 2, broken line) , that is, between two alternatives: "TATA box variants with low affinity at α <0.05 and the subtype E-associated HIV-1 core "CATAAAA" or "any TATA box variant with normal affinity". Because there is heavy migration between these countries, their lying between the two extremes may reflect the current state of some ongoing evolutionary process. For example, it is possible that slowly replicating HIV-1 variants (Table 2) revealed two principal components: PC1 (75.7% of the variance) and PC2 (23.3% of the variance). P 0 , P 1 , P 3 -see Table 2 . The names of the countries with n<10 are typed in plain; those with 10≤n<99, in italics; those with n≥100, in bold. All the countries fall within a triangle with the vertices P 0 =1 (to the right below), P 1 =1 (above) and P 3 =1 (to the left below) and the sides P 0 =0 (to the right above), P 1 =0 (below) and P 3 =0 (to the right above). The broken line corresponds to the linear regression for the South-East Asian countries from the vertex P 3 =1 to the side P 3 =0.
are gaining advantage over both S 0 and non-S 0 variants -or the reverse may be true. The data contained in GenBank is too general to help in in silico identification of where that evolutionary process leads. However, literature data indicate that in South Asia, the prevalence of subtype E and its CRF (slowly replicating HIV-1 variants, as implied by our data) is growing. 5, 46, 47 What we can do is discuss various scenarios and compare them with literature data on the dynamics of the epidemic caused by HIV-1, primarily in South-East Asian countries.
Discussion
Ever since Wilson's classic work, 48 a growing body of molecular evidence strongly suggests that evolution has levels or tiers: microevolution and idioadaptation are associated with changes to the structural part of the genome, while long-term evolutionary trends and aromorphoses are associated with the evolution of regulatory genes (transcription factors, miRNA, etc.) and non-coding regulatory 618 V. V. Suslov et al. which favors the emergence of pestholes in loose host populations, where separate small groups of people (ingroups) are totally infected. 12 On the other hand, rapid frequent transmissions take the virus away from the immune attack and thus ease the requirements for generating diversity.
53
Faced with controversial challenges, the virus has to respond with either specialization or wide adaptation, that is, to make expression regulation more flexible. The latter evolutionary trend should be long-lasting, not associated with the local evolution of separate proteins in a very limited number of proteins that the virus possesses. Homosexual or IDU-associated transmission, rapid and frequent, promotes specialization. Natural heterosexual transmission promotes flexible regulation.
12
The first decade of the AIDS pandemic was caused by rapid transmission within various risk groups, that is, was associated with specialization. 5, 9, 12, 54 We hypothesize that this specialization resulted in the emergence, at the earlier stages of the pandemics, of high-affinity S 0 's (the major peak in ∆ = 0, Fig. 1 ). We propose that the side P 3 = 0 (any TATA box variant with normal affinity) is where the cases of this specialization distributed by neutral drift between the vertices P 0 =1 and P 1 =1 lie along (Fig. 2) .
In the second decade, the vector of selection changed its direction in some countries, 5, 9, 47 and this change corresponds to the broken line in Fig. 2 , which reveals the only case of correspondence between the evolution of subtypes (subtype E in South-East Asia) and the TATA box variants possessing the core sequence TATAAA. We hypothesize that the observed excess of low-affinity variants reflects an evolutionary trend towards reduction in HIV-1 replication rates, which is consistent with the comparison of the directly measured replication status of "elder" (isolated in the 1980s) and "younger" (isolated in the XXI century) HIV-1 strains 55−57 and the studies of the life strategies of simian and feline immunodeficiency viruses.
4
The presence of TATA box variants other than those in subtype E within the triangle (Fig. 2 ) in addition to their presence on the vertex P 3 = 1 and the sides P 0 =0 and P 1 = 0 suggests that evolution is going on not only in the core sequence of the TATA box but also in its flanks, thus optimizing all the three TBP/TATArecognition steps 27, 40 and the interactions in the TATA/AP-4 composite elements alike.
18
In Fig. 2 , the vertex P 3 = 1 and the side P 0 = 0 contain the place of HIV-1 origin, where natural heterosexual transmission in semi-isolated ingroups has had an important role all the way throughout the pandemic. 58, 59 We propose that the presence of France on the side P 0 = 0 is due to its close relationships with its former African colonies, whose immigrants formed ingroups in the former mother country and retained the natural type of transmission. 45 In our opinion, the evolution of slowly replicating HIV-1 TATA box variants in these countries is most possibly phylogenetic inertia. These ingroups, now not so well-delineated, 60 yield low-affinity variants, which regulate HIV-1 replication rates by way of the TATA/AP-4 composite element, and high-affinity non-S 0 variants, which reduce HIV-1 replication rates, possibly by way of TAR.
